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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to a transformable device and a method of manufacturing the transformable
device, and more particularly, to a transformable device including electrodes therein, and a method of manufacturing
the transformable device.

Description of the Related Art

[0002] An electro-active polymer (EAP) is a polymer which is transformable by electrical stimulation, and means a
polymer which can be repeatedly expanded, contracted, and bent by electrical stimulation. Among various kinds of
electro-active polymers, a ferroelectric polymer and a dielectric elastomer are mainly used. For example, the ferroelectric
polymer includes PVDF (Poly VinyliDene Fluoride) and P(VDF)-TrFE (Poly(VinyliDene Fluoride)-trifluoroethylene), and
the dielectric elastomer may be based on silicon, urethane, acryl, or the like.
[0003] The ferroelectric polymer has advantages of satisfactory flexibility and satisfactory permittivity, but has a sig-
nificant problem in optical properties such as light transmissivity. Thus, it is difficult to use the ferroelectric polymer on
the whole face of a display device. Meanwhile, the dielectric elastomer has satisfactory transmissivity, but a driving
voltage thereof is high. Thus, there is a problem that it is difficult to use, as it is, the dielectric elastomer in a display
device with a relatively low driving voltage such as a mobile device.
[0004] However, the dielectric elastomer of the electro-active polymers generally has flexibility and elasticity by which
a shape thereof is variously transformable. Accordingly, field in which dielectric elastomers can be utilized has been
studied with a flexible display device which has been actively developed in recent. For convenience of description,
hereinafter, it is assumed that the dielectric elastomer is used as the electro-active polymer.
[0005] When an electric field is applied to an electro-active layer through electrodes disposed on both of an upper
face and a lower face of the electro-active layer consisting of electro-active polymers, polarization occurs inside the
electro-active layer. Positive charges and negative charges are accumulated on the electrodes disposed at an upper
portion and a lower portion of the electro-active layer due to such polarization, respectively, and Maxwell Stress is applied
to the electro-active layer by electrostatic attractive force (coulombic force) generated among the accumulated charges.
A formula representing a magnitude of Maxwell Stress is as follows.

[0006] Herein, Maxwell Stress means force of an electro-active layer to be contracted in a thickness direction and to
be expanded in a length direction by electrostatic attractive force of charges. Due to a property of an electro-active layer
transformed by Maxwell Stress, the electro-active layer is in the limelight as a new material constituting an electro-active
layer of a transformable device.
[0007] Referring to Math 1, the magnitude P of Maxwell Stress is proportional to magnitudes of permittivity εr, electric
field E, and voltage V of the electro-active layer. When the magnitude of Maxwell Stress gets larger, the electro-active
layer has more displacement or is further transformed. Accordingly, in order to increase the displacement or the degree
of transformation of the transformable device, the magnitude of Maxwell Stress has to be increased. Thus, in order to
increase Maxwell Stress and lower the driving voltage of the transformable device, a study to raise permittivity of the
electro-active layer or to raise an effective electric field is being conducted.
[0008] By flexibility and elasticity of the electro-active layer and Maxwell Stress, a method of disposing and forming
electrodes in a transformable device rises as an important matter. An electrode formed by sputtering that is a general
electrode forming method may be damaged by transformation at the time of operating a transformable device including
an electro-active layer consisting of electro-active polymers, and performance of the transformable device is decreased
in accordance with repeated operating of the transformable device. An electro-active polymer layer may be inserted
between support substrates on which electrodes are formed by the other method. However, since the support substrates
have unsatisfactory flexibility as compared with the electro-active layer, the displacement of the electro-active layer may
be restricted by the support substrates. Therefore, as an electrode applied to a transformable device including an electro-



EP 3 032 597 B1

3

5

10

15

20

25

30

35

40

45

50

55

active layer consisting of electro-active polymers, a soft electrode suitable for transformation is used.
[0009] As such a soft electrode, an electrode manufactured by mixing an elastic body with carbon conductive grease,
carbon black, or carbon nanotube (CNT) was used. Such an electrode may be formed by a printing process, and has
problem that a sheet resistance property is not satisfactory and a process is not easy.
[0010] Thus, a transformable device and a method of manufacturing the transformable device are necessary, of which
performance is not decreased in spite of repeated operating, displacement of an electro-active layer can be maximally
secured by Maxwell Stress, and a manufacturing process is easy.
[0011] In order to solve the problem of low performance and shortened life of the electrodes of the transformable
device as described above, the inventors of the present disclosure have invented a new-structure transformable device
and a method of manufacturing the same with electrodes formed inside an electro-active layer.
[0012] An object of the present disclosure is to provide a transformable device and a method of manufacturing the
same being able to form electrodes inside an electro-active layer by a simple process.
[0013] Further, another object of the present disclosure is to provide a transformable device and a method of manu-
facturing the same capable of keeping performance of an electrode in spite of repeated operating and increasing a life
in accordance with forming an electrode inside the electro-active layer.
[0014] Further, still another object of the present disclosure is to provide a display device which does not require a
separate adhesive layer used to adhere an electrode outside a transformable device and a separate shielding layer in
accordance with forming an electrode inside the transformable device and which is thereby thin.
[0015] Objects of the present disclosure are not limited to the objects described above, and other objects which are
not mentioned above can be clearly understood by a person skilled in the art from the following description.
[0016] US 5 410 210 A discloses a sheet-form piezoelectric device having improved mechanical strengths as repre-
sented by an electrode peel strength while retaining flexibility and piezoelectric performances of a polymer-type piezo-
electric device, and it is obtained by embedding a perforated sheet electrode into at least one surface layer of a polymer
piezoelectric film treated by a solvent in advance.
[0017] WO 2007/029275 A1 discloses an electroactive polymer based actuator, sensor and generator with a folded
configuration, for converting electric energy into mechanical energy or vice-versa.
[0018] WO 2006/123317 A2 teaches compliant electrodes obtained by ion implantation on an EAP elastomer layer.

SUMMARY

[0019] In order to solve the problem described above, a transformable device is provided comprising the features of
claim 1. The transformable device includes an electro-active layer. The first electrode is disposed inside the electro-
active layer. The second electrode is disposed inside the electro-active layer, and is disposed on the first electrode in
a distance from the first electrode. In the transformable device according to an embodiment of the present disclosure,
performance of the electrodes is suppressed from decreasing in spite of repeated operating and a life of the transformable
device can be increased as compared with a case of forming electrodes outside an electro-active layer.
[0020] According to another aspect of the present invention, the electro-active layer is formed to surround all of the
first electrode and the second electrode.
[0021] According to the present invention, at least one of the first electrode and the second electrode includes pre-
cipitants of a conductive material. In this case the first and second electrodes can be embedded into the material of the
electro-active layer, including natural precipitation, in which conductive material sediments under the influence of gravity
within the material of the electro-active layer which is still at least partially liquid, and chemical precipitation by means
of an additional precipitant that reacts chemically with the conductive material. According to another aspect of the present
disclosure, the electro-active layer includes an electro-active polymer.
[0022] According to an exemplary embodiment of the present invention, the electro-active layer includes an elastomer,
in particular a dielectric elastomer.
[0023] According to still another aspect of the present disclosure, the electro-active layer further includes impurities,
the impurities including at least one of a conductive material, a precipitant, and a compound of the conductive material
and the precipitant, and a hardener.
[0024] According to still another aspect of the present disclosure, a concentration of the impurities in the electro-active
layer gets higher as getting closer to the first electrode and the second electrode.
[0025] According to still another aspect of the present disclosure, the electro-active layer is disposed to surround the
first electrode and the second electrode.
[0026] According to still another aspect of the present disclosure, the first electrode and the second electrode are
formed within a range along the thickness direction of the electro-active layer in which the concentration of the impurities
in the electro-active layer is higher than a specific concentration.
[0027] According to still another aspect of the present disclosure, a thickness of the electro-active layer is 50 mm to
400 mm. According to one exemplary embodiment, the thickness of the electro-active layer is 100 mm to 300 mm. The
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thickness should be selected in consideration of power consumption and driving voltage necessary to operate the
transformable device. If the thickness is excessive, a high driving voltage is required to generate Maxwell stress necessary
to normally operate the transformable device, and the power consumption is increased. However, if the thickness is too
small, sufficient voltage necessary to normally operate the transformable device cannot be applied.
[0028] According to still another aspect of the present disclosure, at least one of a thickness between a lower face of
the first electrode and a lower face of the electro-active layer and a thickness between an upper face of the second
electrode and an upper face of the electro-active layer is 0.1 mm to 10 mm.
[0029] According another exemplary embodiment of the present invention, at least one of the thickness between the
lower face of the first electrode and the lower face of the electro-active layer and the thickness between the upper face
of the second electrode and the upper face of the electro-active layer is proportional to the thickness of the electro-active
layer.
[0030] In order to solve the problem described above, a display device according to another embodiment of the present
disclosure is provided. The display device according to the present invention includes a display panel and a transformable
device as described above. The transformable device is disposed under the display panel. The transformable device
comprises an electro-active layer and electrodes that are inserted into the electro-active layer. As the transformable
device is transformed, the display device is also transformed to various forms, and the display device can provide outputs
which are transformed to various forms.
[0031] According to another aspect of the present disclosure, the display panel has a flexible substrate.
[0032] According to still another aspect of the present disclosure, the display device further includes a lower cover
that is disposed under the transformable device, and an upper cover that is disposed on the transformable device,
wherein the lower cover and the upper cover consists of a material having flexibility.
The display device of the above kind may be one of the following: a smartphone; a watch; an electronic newspaper; a
curtain.
[0033] According to still another aspect of the present disclosure, the display device of the above kind is one of the
following: a smartphone; a watch; an electronic newspaper; a curtain.
[0034] The present disclosure is further related to a method for manufacturing a transformable device of the above
kind comprising the steps of: injecting conductive material to a first electro-active layer material and a second electro-
active layer material; precipitating the conductive material to form a first electro-active layer and a second electro-active
layer with first and second electrodes disposed inside the first and second electro-active layers, respectively, and hard-
ening the first electro-active layer and the second electro-active layer; and joining the first electro-active layer and the
second electro-active layer to each other.
[0035] In this method, the first and second electrodes are formed individually in the respective first and second electro-
active layers. By controlling the precipitation of the conductive material and the hardening of the material of the first and
second electro-active layers, a variation of concentration of impurities, including, for example, the conductive material,
the precipitant, and the hardener can be varied within the respective electro-active layer, as well as the forming of the
first and second electrodes. When the individual first and second electro-active layers are hardened, they can be joined
to each other without the need of any adhesive layer between them.
[0036] According to one embodiment, the first and second electro-active layer are joined to each other by heat.
[0037] According to another embodiment of the present invention, pressure is applied to the first and second electro-
active layers which are heated, thereby completely joining them. An interface between the first and second electro-active
layer disappears in this process, and on electro-active layer is formed.
[0038] According to one embodiment of the present invention, the precipitation of the conductive material is a natural
precipitation, in which the conductive material is precipitated in the electro-active layer material with liquidity by gravity.
This natural precipitation is a sedimentation in which the precipitant is deposited.
[0039] According to another embodiment of the present invention, the precipitation is a chemical precipitation in which
the conductive material is precipitated in the electro-active layer material with liquidity by a chemical reaction with a
precipitant.
[0040] According to different embodiments of the present invention, the hardening of the first and second electro-
active layer materials can be performed by natural hardening, in which that the electro-active layer material is hardened
at a normal temperature, by chemical hardening, meaning that the electro-active layer material is hardened in a chemical
reaction, hardening by heat, i.e. at a temperature higher than a normal temperature, or hardening by light, for example,
by ultraviolet rays (UV).
[0041] According to another embodiment of the method according to the present invention, the method comprises a
process of injecting a precipitant and/or a hardener to the first electro-active layer material and the second electro-active
layer material.
[0042] According to still another preferred embodiment of the present invention, the process of injecting a precipitant
to the first electro-active layer material and the second electro-active layer material and the process of injecting a hardener
to the first electro-active layer material and the second electro-active layer material are simultaneously performed.
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[0043] According to another preferred embodiment of the present invention the speed of hardening of the first electro-
active layer material and the second electro-active layer material is controlled by setting a ratio of the respective electro-
active layer material and the hardener. In this embodiment, the concentration of impurities, including the conductive
material, the precipitant and the hardener in the respective electro-active layer can be controlled. With a variation of
concentration of the impurities, the permittivity of the respective electro-active layer can be varied.
[0044] Details of other embodiments are included in the detailed description and the drawings.
[0045] According to the present disclosure, it is possible to provide the transformable device in which the electrodes
for applying voltage to the electro-active layer can be easily formed inside the electro-active layer, in which performance
of the electrodes can be kept for a long time in spite of repeated operating.
[0046] In addition, it is possible to provide the transformable device in which the electrodes can be formed inside the
electro-active layer within a short processing time without an expensive electrode forming equipment for forming the
electrodes.
[0047] Moreover, since a separate adhesive layer and shielding layer are not necessary when the electrodes are
inserted into the transformable device to provide the transformable device with the electrodes, it is possible to provide
the display device which has a small thickness and is advantageous in being thin.
[0048] Advantages according to the present disclosure are not limited to the description exemplified above, and more
various advantages are included in the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049]

FIG. 1 is a schematic perspective diagram illustrating a transformable device according to an embodiment of the
present disclosure.
FIG. 2a to FIG. 2c are schematic cross-sectional views of a transformable device according to an embodiment of
the present disclosure and a graph illustrating a concentration of a conductive material with respect to a height of
an electro-active layer.
FIG. 3 is a flowchart illustrating a method of manufacturing a transformable device according to an embodiment of
the present disclosure.
FIG. 4a to FIG. 4d are perspective views illustrating processes of a method of manufacturing a transformable device
according to an embodiment of the present disclosure.
FIG. 5 is a schematic cross-sectional view illustrating a transformable device according to another embodiment of
the present disclosure.
FIG. 6 is an exploded perspective view illustrating a display device including a transformable device according to
an embodiment of the present disclosure.
FIG. 7 is an exemplary state diagram illustrating various transformations of a display device including a transformable
device according to an embodiment of the present disclosure.
FIG. 8 is an exemplary diagram illustrating an electronic newspaper including a transformable device according to
an embodiment of the present disclosure.
FIG. 9 is an exemplary diagram illustrating a watch including a transformable device according to an embodiment
of the present disclosure.
FIG. 10 is an exemplary diagram illustrating a curtain including a transformable device according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0050] Advantages and features of the present disclosure and method of achieving them will be clarified with reference
to the embodiments described below in detail with the accompanying drawings. However, the present disclosure is not
limited to the embodiments described below, and will be embodied in various forms. The embodiments make the present
disclosure complete, and is provided to allow a person skilled in the art to completely know the scope of the present
disclosure, but is defined only by the scope of Claims.
[0051] Shapes, sizes, ratios, angles, the number of components, and the like disclosed in the drawings for describing
the embodiments of the present disclosure are exemplary, and the present disclosure is not limited to the illustration. In
addition, in the description of the present disclosure, when it is determined that specific description about the related
known technique may unnecessarily blur the gist of the present disclosure, detailed description thereof is omitted. When
’include’, ’have’, ’comprise’, and the like mentioned in the specification are used, other parts may be added unless ’only’
is used. A constituent element is expressed by a singular form, it includes a plurality form unless there is specific
description.
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[0052] In analyzing constituent elements, they include an error range even when there is no separate description.
[0053] In description of positional relations, when a positional relation between two parts is described with, for example,
’on’, ’at an upper portion’, ’under’, ’at a lower portion’, ’near’, and the like, one or more other parts may be positioned
between two parts unless ’right’ or ’directly’ is used.
[0054] Description that a device or a layer is on another device or layer includes all cases where another layer or
another device is interposed right on another device or in between.
[0055] Although the first, the second, or the like are used to describe various constituent elements, the constituent
elements are not limited by these terms. These terms are used merely to distinguish one constituent element from the
other constituent element. Accordingly, the first constituent element mentioned hereinafter may be the second constituent
element within the technical spirit of the present disclosure.
[0056] Throughout the specification, the same reference numerals and signs denote the same constituent elements.
[0057] A size and a thickness of each configuration illustrated in the drawings are shown for convenience of description,
but the present disclosure is not necessarily limited to the size and the thickness of the illustrated configuration.
[0058] Features of various embodiments of the present disclosure can be partially or entirely coupled or combined
with each other, and can technically variously interlocked or operated as can be sufficiently understood by a person
skilled in the art, and the embodiments may be embodied independently from each other, and may be embodied together
in cooperation with each other.
[0059] Hereinafter, various embodiments of the present disclosure will be described in detail with reference to the
accompanying drawings.
[0060] FIG. 1 is a schematic perspective view illustrating a transformable device according to an embodiment of the
present disclosure. Referring to FIG. 1, a transformable device 100 includes an electro-active layer 110, a first electrode
121, and a second electrode 122.
[0061] Referring to FIG. 1, the electro-active layer 110 includes electro-active polymers. Specifically, the electro-active
layer 110 consists of dielectric elastomers. For example, the electro-active layer 110 may consists of dielectric elastomer
based on silicon, urethane, acryl, or the like.
[0062] The first electrode 121 is an electrode that is disposed at a lower portion of the transformable device 100.
Specifically, the first electrode 121 is disposed at the lower portion of the electro-active layer 110 inside the electro-
active layer 110. For example, the first electrode 121 may be disposed separately from a lower face of the electro-active
layer 110 inside the electro-active layer 110 as illustrated in FIG. 1, and the first electrode 121 may be disposed to come
in contact with the lower face of the electro-active layer 110 inside the electro-active layer 110 although not illustrated.
[0063] The second electrode 122 is an electrode that is disposed at an upper portion of the transformable device 100.
The second electrode 122 is disposed at the upper portion of the electro-active layer 110 inside the electro-active layer
110 in a vertical distance from the first electrode 121. For example, the second electrode 122 may be disposed separately
from an upper face of the electro-active layer 110 inside the electro-active layer 110 as illustrated in FIG. 1, and the
second electrode 122 may be disposed to come in contact with the upper face of the electro-active layer 110 inside the
electro-active layer 110 although not illustrated.
[0064] The first electrode 121 and the second electrode 122 may be made of the same material. Specifically, the first
electrode 121 and the second electrode 122 include a conductive material. For example, the first electrode 121 and the
second electrode 122 may be made of various conductive materials such as metal powder, carbon nanotube (CNT),
Ag-Nanowire (Ag-NW), or conductive polymer. In some embodiments, the first electrode 121 and the second electrode
122 may further include impurities other than conductive materials. In this case, the impurities may be a precipitant or
a compound of a conductive material and a precipitant.
[0065] Although not illustrated in FIG. 1, also, the electro-active layer 110 may further include impurities other than
the electro-active polymer. Specifically, the impurities may be at least one of the same materials as the conductive
material constituting the first electrode 121 and the second electrode 122, the precipitant, and the compound of the
precipitant and the conductive material.
[0066] When there are impurities in the electro-active layer 110, a concentration of the impurities in the electro-active
layer 110 increases as getting closer to the first electrode 121 and the second electrode 122. In other words, the
concentration of the impurities is highest around the first electrode 121 and the second electrode 122, and is lowest at
the center of the electro-active layer 110 that is an intermediate portion between the first electrode 121 and the second
electrode 122.
[0067] The concentration of the impurities in the electro-active layer 110 has an influence on a magnitude of Maxwell
Stress applied to the electro-active layer 110. Maxwell Stress is proportional to permittivity of the electro-active layer
110, and the permittivity may be raised by the impurities in the electro-active layer 110. Specifically, when there are
impurities in the electro-active layer 110, the permittivity of the electro-active layer 110 is raised, and thus, Maxwell
Stress applied to the electro-active layer 110 may be increased.
[0068] The first electrode 121 and the second electrode 122 are soft electrodes. In other words, the first electrode 121
and the second electrode 122 may have flexibility to transform a shape in the electro-active layer 110 made of elastomers
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having flexibility. Accordingly, the first electrode 121 and the second electrode 122 are inserted into the electro-active
layer 110. Thus, cracks do not occur and performance of the electrodes is not lowered even when the shape of the
electro-active layer 110 is transformed.
[0069] The electro-active layer 110 is transformed by an electric field generated by charges supplied to the first
electrode 121 and the second electrode 122, and the transformable device 100 is thereby transformed. Specifically, a
direction and a shape of transformation of the transformable device 100 may be varied according to polarity of the
charges supplied to the first electrode 121 and the second electrode 122. Hereinafter, a procedure of transforming the
electro-active layer 110 by the first electrode 121 and the second electrode 122 will be described in detail.
[0070] The first electrode 121 supplies charges to the lower portion of the electro-active layer 110. The second electrode
122 supplies charges to the upper portion of the electro-active layer 110. Accordingly, an electric field is formed between
the first electrode 121 and the second electrode 122. In this case, electrical properties of the charges supplied to the
first electrode 121 and the second electrode 122 may be opposite to each other. In other words, when positive charges
are supplied to the first electrode 121, negative charges are supplied to the second electrode 122, and when negative
charges are supplied to the first electrode 121, positive charges are supplied to the second electrode 122. In this case,
when the electrical property of the charges supplied to the first electrode 121 and the electrical property of the charges
supplied to the second electrode 122 are changed to be opposite to each other, the direction of the electrical field is also
changed. In other words, voltage applied to the electro-active layer 110 between the first electrode 121 and the second
electrode 122 may be alternating-current (AC) voltage, and an electric field based on the alternating-current voltage is
formed between the first electrode 121 and the second electrode 122. In some embodiments, positive charges or negative
charges are supplied to any one of the first electrode 121 and the second electrode 122, and the other may be grounded.
[0071] Accordingly, the electric field formed between the first electrode 121 and the second electrode 122 causes
polarization in the electro-active layer 110 between the first electrode 121 and the second electrode 122, and the electro-
active layer 110 subjected to Maxwell Stress by the electrostatic attractive force based on the polarization is transformed.
[0072] When the alternating-current voltage is applied between the first electrode 121 and the second electrode 122,
Maxwell Stress is generated in the electro-active layer 110 by the electric field between the first electrode 121 and the
second electrode 122. A degree of transformation of the electro-active layer 110 and the transformable device 100 is
varied according to amplitude of such alternating-current voltage applied between the first electrode 121 and the second
electrode 122. Specifically, when the amplitude of the alternating-current voltage applied between the first electrode 121
and the second electrode 122 is increased, the magnitude of Maxwell Stress is increased in proportional to the square
of the amplitude of the alternating-current voltage. Accordingly, when the amplitude of the alternating-current voltage
applied between the first electrode 121 and the second electrode 122 is increased, the magnitude of Maxwell Stress is
increased, and the shapes of the electro-active layer 110 and the transformable device 100 are greatly transformed.
[0073] In addition, a transformation speed of the electro-active layer 110 and the transformable device 100 is changed
according to a frequency of the alternating-current voltage applied between the first electrode 121 and the second
electrode 122. Specifically, when the frequency of the alternating-current voltage applied between the first electrode
121 and the second electrode 122 is raised, polarity of the alternating-current voltage applied between the first electrode
121 and the second electrode 122 is rapidly changed. Accordingly, the direction of Maxwell Stress applied to the electro-
active 110 and the transformable device 100 is rapidly changed, and the direction of transformation of the electro-active
110 and the transformable device 100 is also rapidly changed.
[0074] In the transformable device 100 according to an embodiment of the present disclosure, the first electrode 121
and the second electrode 122 capable of keeping performance for a long period in spite of repeated operating are
disposed inside the electro-active layer 110. Specifically, the first electrode 121 is inserted into the lower portion in the
electro-active layer 110, the second electrode 122 is inserted into the upper portion in the electro-active layer 110, and
thus the electric field is formed in the electro-active layer 110 by the charges supplied from the first electrode 121 and
the second electrode 122. However, when a first electrode and a second electrode are formed in a manner of coating
or printing soft electrodes on an outer face of an electro-active layer, the soft electrodes are broken or damaged due to
repeated operating of a transformable device. Accordingly, the soft electrodes do not serve as electrodes, and the
transformable device cannot also operate. On the contrary, in the transformable device 100 according to an embodiment
of the present disclosure, the first electrode 121 and the second electrode 122 are inserted into the electro-active layer
110, and are made of a material suitable for transformation, and thus a damage of the first electrode 121 and the second
electrode 122 can be minimized in spite of repeated operating of the transformable device 100.
[0075] In addition, when the electro-active layer 110 of the transformable device 100 according to an embodiment of
the present disclosure includes impurities, the magnitude of Maxwell Stress is increased by the impurities in the electro-
active layer 110. Specifically, there may be impurities other than electro-active polymers in the electro-active layer 110
between the first electrode 121 and the second electrode 122, the electro-active polymers including the impurities have
higher permittivity than that of dielectric elastomers which do not include the impurities. Accordingly, since the electro-
active layer 110 including the impurities has higher permittivity than that of the electro-active layer which does not include
the impurities, the magnitude of Maxwell Stress proportional to permittivity is also increased.
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[0076] Hereinafter, it will be described in detail that a driving voltage of the transformable device 100 is lowered in
accordance with disposing the first electrode and the second electrode in the electro-active layer 110 with reference to
FIG. 2a to FIG. 2c together.
[0077] FIG. 2a to FIG. 2c are schematic cross-sectional views of a transformable device according to an embodiment
of the present disclosure and a graph illustrating a concentration of a conductive material with respect to a height of an
electro-active layer in the cross-sectional view. Specifically, FIG. 2a is a schematic cross-sectional view of the trans-
formable device according to an embodiment of the present disclosure, FIG. 2b is a cross-sectional view obtained by
enlarging a part (X) of the transformable device in FIG. 2a, and FIG. 2c is a graph about a concentration of a conductive
material according to a height in the cross section of the transformable device illustrated in FIG. 2b. Since FIG. 2a and
FIG. 2b are cross-sectional views of the transformable device 100 illustrated in FIG. 1, the same description is not
repeated.
[0078] Referring to FIG. 2a, the first electrode 121 is disposed away from the lower face of the electro-active layer
110, and the second electrode 122 is disposed away from the upper face of the electro-active layer 110. Accordingly,
the electro-active layer 110 is formed to surround all of the first electrode 121 and the second electrode 122. In other
words, the first electrode 121 and the second electrode 122 are inserted into the electro-active layer 110. Specifically,
the conductive material injected to the electro-active layer material is precipitated to be away from the lower face of the
electro-active layer, thereby forming the electrodes. For example, the conductive material is injected to the first electro-
active layer material, and the injected conductive material is precipitated to be away from the lower face of the first
electro-active layer, thereby forming the first electrode 121, and the conductive material is injected to the second electro-
active layer material, and the injected conductive material is precipitated to be away from the lower face of the second
electro-active layer, thereby forming the second electrode 122. In this case, the first electrode 121 and the second
electrode 122 may be formed to have an arbitrary thickness by precipitating the conductive material. Accordingly, after
the first electrode 121 and the second electrode 122 are formed, the transformable device 100 may be formed by joining
the first electro-active layer material and the second electro-active layer material such that the second electrode 122 is
disposed above the first electrode 121 as illustrated in FIG. 2a. In other words, as illustrated in FIG. 2a, in the transformable
device 100, the first electrode 121 may be formed away from the lower face of the electro-active layer 110, and the
second electrode 122 may be formed away from the upper face of the electro-active layer 110. A specific method of
manufacturing the transformable device including the first electrode 121 and the second electrode 122 will be described
later with reference to FIG. 3 and FIG. 4a to FIG. 4d.
[0079] As described above, when the electro-active layer 110 is formed under the first electrode 121 and on the second
electrode 122 inside the electro-active layer 110, a thickness d1 of the electro-active layer 110 formed under the first
electrode 121 and a thickness d2 of the electro-active layer 110 formed on the second electrode 122 are smaller than
a thickness d3 of the electro-active layer 110 formed between the first electrode 121 and the second electrode 122. In
some embodiments, the thickness d1 of the electro-active layer 110 formed under the first electrode 121 and the thickness
d2 of the electro-active layer 110 formed on the second electrode 122 may be different from each other.
[0080] Herein, the thickness d of the electro-active layer 110 may be freely selected by a person skilled in the art
considering power consumption and driving voltage necessary to operate the transformable device 100 and considering
whether to normally operate as the transformable device 100. Preferably, the thickness d of the electro-active layer 110
may be 50 mm to 400 mm. More preferably, the thickness d of the electro-active layer 110 may be 100 mm to 300 mm.
Herein, when the thickness d of the electro-active layer 110 is smaller than 50 mm, sufficient voltage necessary to
normally operate the transformable device 100 cannot be applied. Accordingly, the transformable device 100 cannot be
normally operated. In addition, when the thickness d of the electro-active layer 110 is larger than 400 mm, a high driving
voltage is required to generate Maxwell Stress necessary to normally operate the transformable device, and power
consumption may be excessively increased thereby.
[0081] The part of the electro-active layer 110 formed under the first electrode 121 and the part of the electro-active
layer 110 formed on the second electrode 122 may serve as shielding layers. In other word, the part of the electro-active
layer 110 formed under the first electrode 121 and the part of the electro-active layer 110 formed on the second electrode
122 can shield the first electrode 121 and the second electrode 122 from contacting with an external conductive material.
Accordingly, the first electrode 121 and the second electrode 122 may be connected to an external power supply line
through contact holes of the part of the electro-active layer 110 formed under the first electrode 121 and the part of the
electro-active layer 110 formed on the second electrode 122.
[0082] The thickness d1 of the electro-active layer 110 formed under the first electrode 121 and the thickness d2 of
the electro-active layer 110 formed on the second electrode 122 may be determined suitably to perform the shielding
layer function. For example, at least one of the thickness d1 of the electro-active layer 110 formed under the first electrode
121 and the thickness d2 of the electro-active layer 110 formed on the second electrode 122 may be 0.1 mm to 10 mm.
Herein, when the thickness d1 of the electro-active layer 110 formed under the first electrode 121 and the thickness d2
of the electro-active layer 110 formed on the second electrode 122 are smaller than 0.1 mm, the functions as the shielding
layers of the electro-active layer 110 formed under the first electrode 121 and the electro-active layer 110 formed on the
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second electrode 122 may significantly decreased. When the thickness d1 and the thickness d2 are larger than 10 mm,
it may be difficult to connect the first electrode 121 and the second electrode 122 to the external power supply line
through the contact holes. In this case, the electro-active layer 110 having the relation in thickness described above can
be formed by adjusting a concentration and a specific gravity of the conductive material injected to the electro-active
layer 110 and adjusting whether to add a precipitant.
[0083] In some embodiments, when the thickness d of the electro-active layer 110 is 300 mm and when the thickness
d1 of the electro-active layer 110 formed under the first electrode 121 and the thickness d2 of the electro-active layer
110 formed on the second electrode 122 are several mm to 10 mm, the thickness d3 of the electro-active layer 110
formed between the first electrode 121 and the second electrode 122 is formed with about 280 mm to 290 mm.
[0084] The thickness d3 of the electro-active layer 110 between the first electrode 121 and the second electrode 122
has an influence on the magnitude of Maxwell Stress applied to the electro-active layer 110. Maxwell Stress is proportional
to a magnitude of an effective electric field, and the magnitude of the effective electric field between the first electrode
121 and the second electrode 122 is increased as the distance between the first electrode 121 and the second electrode
122 gets smaller. According to the decrease of the thickness d3 of the electro-active layer 110 formed between the first
electrode 121 and the second electrode 122 by decreasing the distance between the first electrode 121 and the second
electrode 122, the magnitude of the effective electric field applied to the electro-active layer 110 between the first electrode
121 and the second electrode 122 is increased. Accordingly, in order to increase the magnitude of the effective electric
field while minimizing the amplitude of the alternating-current voltage applied between the first electrode 121 and the
second electrode 122, the first electrode 121 and the second electrode 122 are disposed in the electro-active layer 110
to make the distance between the first electrode 121 and the second electrode 122 narrow. As compared with a case
where the first electrode 121 and the second electrode 122 are disposed on the upper face and the lower face of the
electro-active layer 110, respectively, that is, a case where the first electrode 121 and the second electrode 122 are
away by the thickness d of the electro-active layer 110, Maxwell Stress applied to the electro-active layer 110 may be
increased, and the transformable device 100 can be operated only by the alternating-current voltage with small amplitude.
[0085] Referring to FIG. 2b and FIG. 2c, the concentration of the conductive material is gradually decreased as directed
to from the lower face of the first electrode 121 to the center of the electro-active layer 110. Specifically, it is determined
that a direction from the lower face of the electro-active layer 110 toward the upper face of the electro-active layer 110
is a thickness direction Td of the electro-active layer 110, the concentration N of the conductive material is gradually
decreased as getting close to the center of the electro-active layer 110 along the thickness direction Td of the electro-
active layer 110 from the first electrode 121. In addition, there may be no conductive material in the electro-active layer
110 between the lower face of the electro-active layer 110 and the lower face of the first electrode 121. In other words,
in order for the conductive material to substantially serve as an electrode, the conductive material is precipitated to be
away from the lower face of the electro-active layer 110 by an arbitrary thickness, and is precipitated corresponding to
the thickness of the first electrode 121, thereby configuring the first electrode 121.
[0086] When the concentration of the conductive material is equal to or lower than a specific concentration N0 (per-
colation threshold) while the concentration N of the conductive material is decreased along the thickness direction Td
of the electro-active layer 110, the conductive material cannot serves an electrode. In other words, as proceeding in the
thickness direction Td of the electro-active layer 110 from the upper face of the first electrode 121 formed by precipitation,
the concentration N of the conductive material is decreased to be a the concentration N0 or lower capable of serving as
an electrode. Therefore, the conductive material existing between the upper face of the first electrode 121 and the center
of the electro-active layer 110 does not substantially constitute the electrode. Similarly, as illustrated in FIG. 2a, as
getting close to the center of the electro-active layer 110 from the lower face of the second electrode 122 formed by
precipitation, the concentration N of the conductive material is decreased to be a the concentration N0 or lower capable
of serving as an electrode. Therefore, the conductive material existing between the lower face of the second electrode
122 and the center of the electro-active layer 110 does not substantially constitute the electrode.
[0087] Accordingly, although there is the conductive material in the electro-active layer 110 between the first electrode
121 and the second electrode 122, the conductive material existing in the electro-active layer 110 between the first
electrode 121 and the second electrode 122 may not serve as an electrode. However, the conductive material existing
in the electro-active layer 110 between the first electrode 121 and the second electrode 122 serves as a dopant of
increasing Maxwell Stress by increasing permittivity of the electro-active layer 110. Accordingly, Maxwell Stress acting
on the electro-active layer 110 is increased and the driving voltage for generating the same Maxwell Stress may be
decreased.
[0088] In the transformable device 100 according to an embodiment of the present disclosure, the first electrode 121
and the second electrode 122 are disposed in the electro-active layer 110, and the magnitude of Maxwell Stress is
increased. Specifically, since the first electrode 121 and the second electrode 122 are disposed in the electro-active
layer 110, the distance between the first electrode 121 and the second electrode 122 is decreased as compared with a
case where electrodes are disposed outside the electro-active layer 110. Accordingly, the magnitude of the effective
electric field between the first electrode 121 and the second electrode 122 is increased, and the magnitude of Maxwell
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Stress proportional to the magnitude of the effective electric field is also increased.
[0089] FIG. 3 is a flowchart illustrating a method of manufacturing a transformable device according to an embodiment
of the present disclosure. FIG. 4a to FIG. 4d are perspective views illustrating processes of a method of manufacturing
a transformable device according to an embodiment of the present disclosure. FIG. 4a to FIG. 4d are perspective views
illustrating processes of a method of manufacturing the transformable device illustrated in FIG. 1, and the constituent
elements described with reference to FIG. 1 are not repeatedly described.
[0090] First, the conductive material is injected to the first electro-active layer material and the second electro-active
layer material (S31).
[0091] Referring to FIG. 4a, the conductive material is injected to the first electro-active layer material 491 and the
second electro-active layer material 492. In this case, the first electro-active layer material 491 and the second electro-
active layer material 492 include electro-active polymers, and are in a liquid state or a semi-liquid state. In other words,
the first electro-active layer material 491 and the second electro-active layer material 492 are materials with liquidity,
and are in a state where a conductive material can be injected. In addition, a precipitant may be further injected to the
first electro-active layer material 491 and the second electro-active layer material 492, and a hardener may be further
injected to the first electro-active layer material 491 and the second electro-active layer material 492.
[0092] Herein, the conductive material includes a material with conductivity independently in the first electro-active
layer material 491 and the second electro-active layer material 492. In addition, the conductive material may include a
material with conductivity through a chemical reaction with a precipitant. In other words, the conductive material includes
both of a material itself with conductivity, and a material itself having no conductivity but having conductivity by reacting
with a precipitant. For example, the conductive material may be metal powder, carbon nanotube (CNT), Ag-Nanowire
(Ag-NW), or conductive polymer.
[0093] Herein, the precipitant is a material which chemically reacts with a conductive material to precipitate the con-
ductive material. Accordingly, the precipitant may be converted into a conductive precipitate by causing a precipitation
reaction with the conductive material. For example, the precipitant may be a precipitant used in a sewage treatment plant.
[0094] Herein, the hardener is a material which hardens the first electro-active layer material 491 and the second
electro-active layer material 492 in a liquid state with liquidity or a semi-liquid state into a solid state. A function of the
hardener will be described later with reference to FIG. 4b.
[0095] Subsequently, the conductive material is precipitated to form the first electro-active layer and the second electro-
active layer (S32). Herein, the electrodes are formed while the conductive material is precipitated downward in the
electro-active layer and the first electro-active layer material 491 and the second electro-active layer material 492 are
hardened. In other words, in the process of forming the electro-active layer, a process of precipitating the conductive
material downward in the electro-active layer and a process of hardening the electro-active layer may be simultaneously
performed. However, as the electro-active layer is hardened at a high speed, a ratio of the precipitated conductive
material of the injected conductive material in the electro-active layer may be lowered. Accordingly, when the hardening
speed of the electro-active layer is high, an impurity concentration in the electro-active layer may be increased.
[0096] The conductive material is precipitated in the first electro-active layer material 491 to form the first electrode
121. Specifically, the conductive material may be naturally precipitated in the first electro-active layer material 491 by
sedimentation. In this case, the natural precipitation means that the conductive material is sedimented in the first electro-
active layer material 491 with liquidity by gravity. For example, when the first electro-active layer material 491 including
the conductive material is left for 24 hours or more, the conductive material is naturally precipitated by gravity.
[0097] In addition, the conductive material may be chemically precipitated in the first electro-active layer material 491
by a precipitant. In this case, the chemical precipitation means that the conductive material is precipitated in the first
electro-active layer material 491 with liquidity by a chemical reaction with the precipitant. For example, the conductive
material may be changed to a new chemical precipitate with conductivity through chemical coupling with a precipitant,
and the new chemical precipitate is disposed under the first electro-active layer material 491.
[0098] While the first electro-active material 491 is hardened, liquidity thereof may be decreased. Specifically, the first
electro-active layer 411 may be naturally hardened. In this case, the natural hardening means that the first electro-active
layer material 491 is hardened at a normal temperature.
[0099] In addition, the first electro-active layer material 491 may be chemically hardened by a hardener. In this case,
the chemical hardening means that the first electro-active layer material 491 is hardened by a chemical reaction, and a
hardening speed may be varied according a hardener. Specifically, a speed of hardening the first electro-active layer
material 491 may be varied according to a ratio of the first electro-active layer material 491 and the hardener. For
example, when the ratio of the first electro-active layer material 491 and the hardener is increased from 10:1 to 10:3,
the hardening speed is raised.
[0100] In addition, the first electro-active layer material 491 may be hardened by heat. Specifically, the first electro-
active layer material 491 may be hardened at a temperature higher than a normal temperature, for example, 90°C.
Accordingly, when the first electro-active layer material 491 is hardened by heat, the first electro-active layer material
491 may be hardened at a speed higher than that of the natural hardening.
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[0101] In addition, the first electro-active layer material 491 may be hardened by light. Specifically, the first electro-
active layer material 491 may be hardened by, for example, ultraviolet rays (UV). Accordingly, when the first electro-
active layer material 491 is hardened by light, the first electro-active layer material 491 may be hardened at a speed
higher than that of the natural hardening.
[0102] In such heat hardening and light hardening, a hardener different from that of the chemical hardening may be
used, a ratio of the first electro-active layer material 491 and the hardener may be different from that of the chemical
hardening.
[0103] Accordingly, the liquidity of the first electro-active layer material 491 is rapidly decreased by the natural hard-
ening, the chemical hardening, the heat hardening, and the light hardening, the conductive material is rapidly precipitated
by the natural precipitation and the chemical precipitation, and the first electrode 121 is thereby formed in the first electro-
active layer 411. In this case, when the hardening speed is raised, the first electro-active layer material 491 is rapidly
hardened, and the first electrode 121 is formed in the first electro-active layer 411 before all of the conductive material,
the precipitant, and the hardener are precipitated. Accordingly, the concentration of the impurities including the conductive
material, the precipitant, and the hardener in the first electro-active layer 411 is increased. As the concentration of the
impurities is increased, the permittivity of the first electro-active layer 411 may be also increased slightly. When the first
electro-active layer 411 is hardened, the first electro-active layer 411 is in a state capable of being joined to the other
electro-active layer.
[0104] The second electrode 122 is formed at the lower portion of the second electro-active layer 412 through the
same process as the process of forming the first electrode 121 at the lower portion of the first electro-active layer 411.
However, the process of forming the second electrode 122 at the lower portion of the second electro-active layer 412
and the process of forming the first electrode 121 at the lower portion of the first electro-active layer 411 may have
difference in a specific natural precipitation and a natural hardening time or a configuration and a ratio of a new chemical
precipitate, and the like. In other words, the first electrode 121 and the second electrode 122 may be formed in the same
process, but detailed process conditions in the process of forming the first electrode 121 and the second electrode 122
may be different.
[0105] Subsequently, the first electro-active layer and the second electro-active layer are joined to each other (S33).
[0106] Referring to FIG. 4c, the first electro-active layer 411 and the second electro-active layer 412 are joined to each
other. Specifically, the joining process may be performed after the second electro-active layer 412 is turned upside down
and is disposed on the first electro-active layer 411 such that the upper face of the second electro-active layer 412 in
FIG. 4b comes in contact with the upper face of the first electro-active layer 411. In this case, the first electro-active layer
411 and the second electro-active layer 412 may be joined to each other by heat. Specifically, after the upper face of
the first electro-active layer 411 and the upper face of the second electro-active layer 412 are disposed to come in
contact with each other, pressure is applied from the lower portion of the first electro-active layer 411 and the upper
portion of the second electro-active layer 412, which are heated. For example, pressure of about 40 MPa is applied to
the first electro-active layer 411 and the second electro-active layer 412, and the first electro-active layer 411 and the
second electro-active layer 412 are heated at 150°C to 200°C, thereby completely joining them.
[0107] Specifically, an interface disappears between the upper face of the first electro-active layer 411 and the upper
face of the second electro-active layer 412 by the heat and pressure applied to the first electro-active layer 411 and the
second electro-active layer 412, and thus one electro-active layer 110 may be formed. Accordingly, the transformable
device 100 is formed in which the first electrode 121 is disposed at the lower portion and the second electrode 122 is
disposed at the upper portion in one electro-active layer 110.
[0108] Meanwhile, a part of the electro-active layer 110 may be removed to connect the first electrode 121 and the
second electrode 122 to an external power source. Specifically, a part of the electro-active layer formed under the first
electrode 121 or on the side thereof, or a part of the electro-active layer 110 formed on the second electrode 122 or on
the side thereof may be removed. In this case, the part of the electro-active layer 110 may be removed by silicon etchant.
A wire may be connected to come in contact with the first electrode 121 or the second electrode 122 through the removed
part of the electro-active layer 110, and power is supplied to the transformable device 100 through the wire connected
to the first electrode 121 or the second electrode 122.
[0109] In the method of manufacturing the transformable device according to an embodiment of the present disclosure,
the conductive material is precipitated in the electro-active layer to easily form the electrodes. Specifically, the conductive
material is precipitated in the electro-active layer to form the soft electrodes. In other words, an expensive separate
equipment such as a sputtering equipment to form the electrodes at the upper portion or the lower portion of the electro-
active layer is not necessary, and the electro-active layer including the electrodes therein can be simply and easily
formed in bulk only by natural precipitation based on gravity and chemical precipitation based on a precipitant.
[0110] In addition, in the method of manufacturing the transformable device according to another embodiment of the
present disclosure, the plurality of electro-active layers provided therein with electrodes without any adhesive are heated
and pressed to easily form the transformable device 100. Specifically, since the electrodes are disposed in the electro-
active layer, the electrodes are not disposed outside the plurality of electro-active layers. Accordingly, an adhesive for
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adhering between the electro-active layer and the electrode and between the electrodes is not necessary, and the
transformable device 100 can be easily formed by applying heat and pressure to the electro-active layer.
[0111] FIG. 5 is a schematic cross-sectional view illustrating a transformable device according to another embodiment
of the present disclosure. In a transformable device 500 illustrated in FIG. 5, only a position of a second electrode 522
is changed as compared with the transformable device 100 illustrated in FIG. 1, the other configuration is substantially
the same, and the overlapped description is not repeated.
[0112] Referring to FIG. 5, a first electrode 521 and a second electrode 522 are disposed in the electro-active layer
110. Specifically, the first electrode 521 is disposed at the lower portion of the electro-active layer, and the second
electrode 522 is disposed close to the center of the electrode active layer 110. For example, the second electrode 522
may be disposed at a portion higher than the center of the electro-active layer 110. In other words, the lower face of the
second electro-active layer 412 is disposed to come in contact with the upper face of the first electro-active layer 411
without turning upside down the second electro-active layer 412 such that the upper face of the second electro-active
layer 412 in FIG. 4b comes in contact with the upper face of the first electro-active layer 421. Accordingly, a distance
d4 between the first electrode 521 and the second electrode 522 is smaller than the distance d3 between the first
electrode 121 and the second electrode 122 in the transformable device 100 illustrated in FIG. 2a. Accordingly, the
distance between the first electrode 521 and the second electrode 522 is decreased as compared with the case where
the second electrode 522 is disposed at the upper portion of the electro-active layer 110. As the distance between the
first electrode 521 and the second electrode 522 is decreased, the magnitude of Maxwell Stress applied to the electro-
active layer 110 is increased.
[0113] In the transformable device 500 according to another embodiment of the present disclosure, the magnitude of
Maxwell Stress is increased between the first electrode 521 and the second electrode 522. Specifically, the first electrode
521 is disposed at the lower portion of the electro-active layer 110 in the electro-active layer 110, and the second
electrode 522 is disposed at a portion higher than the intermediate portion that is a half of the thickness d of the
transformable device 100 illustrated in FIG. 2a. In this case, the distance d4 between the first electrode 521 and the
second electrode 522 is smaller than the distance d3 between the first electrode 121 and the second electrode 122 in
the transformable device 100 illustrated in FIG. 2a. Accordingly, the thickness d4 of the electro-active layer formed
between the first electrode 521 and the second electrode 522 is decreased, the magnitude of the effective electric field
of the electro-active layer formed between the first electrode 521 and the second electrode 522 is increased, and the
magnitude of Maxwell Stress may be also increased.
[0114] FIG. 6 is a schematic exploded perspective view illustrating a display device including the transformable device
according to an embodiment of the present disclosure. Referring to FIG. 6, a display device 600 includes an upper cover
610, a touch panel 620, a display panel 630, a transformable device 640, and a lower cover 650. Terms like "up", "down",
"on", "upper", "lower", etc. refer to a usual orientation of a display device 600 in use in which the display panel can be
watched from the upper side, i.e. from the side of the upper cover 610, while the lower cover 650 covers the display
device from the opposite side. It is noted that this terminology shall not restrict the invention to any orientation of the
display device 600 but serves to clarify the arrangement of the different components of the display device 600 with
regard to each other.
[0115] The upper cover 610 is disposed on the touch panel 620 to cover the upper portions of the touch panel 620,
the display panel 630, and the transformable device 640. The upper cover 610 protects the internal configurations in
the display device 600 from external impact, foreign materials, and moisture. For example, the upper cover 610 may be
made of a material such as plastic which can be formed by heat and has satisfactory formability, but is not limited thereto.
In addition, the upper cover 610 may be made of a material which is transformable with the change in shape of the
transformable device 640. For example, the upper cover 610 may be made of a material such as plastic with flexibility,
but is not limited thereto.
[0116] The touch panel 620 is disposed on the transformable device 100. The touch panel 620 means a panel that
senses a touch input of a user to a display device 700. For example, an electrostatic capacitance manner, a resistive
film manner, an ultrasonic manner, an infrared ray manner, or the like may be used as the touch panel 620, but preferably,
the touch panel 620 in the electrostatic capacitance manner may be used as the touch panel 620.
[0117] Although not illustrated in FIG. 6, adhesive layers may be used to adhere the display panel 630, the transformable
device 640, the touch panel 620, and the upper cover 610 to one another. The adhesive layers may be, for example,
OCA (optical clear adhesive) or OCR (optical clear resin), but are not limited thereto.
[0118] The display panel 630 means a panel in which a display element for displaying a video in the display device
600 is disposed. The display panel 630 may be, for example, various display panels such as an organic light emitting
display panel, a liquid crystal display panel, and an electrophoretic display panel. In this case, the display panel 630
may be an organic light emitting display device. Since the transformable device 640 disposed under the display panel
630 may be transformed with flexibility, the organic light emitting display device may be configured to be also transformed
with flexibility. In other words, the organic light emitting display device is an organic light emitting display device with
flexibility, and includes a flexible substrate. The flexible organic light emitting display device is transformable in various
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directions and at various angles by force applied from the outside. Hereinafter, for convenience of description, it is
assumed that the display panel 630 is configured by the flexible organic light emitting display device.
[0119] The transformable device 640 is disposed under the display panel 630. Specifically, the transformable device
640 is disposed under the display panel 630. The transformable device 640 may be disposed to come in direct contact
with the lower face of the display panel 630, and an adhesive layer may be further disposed between the lower face of
the display panel 630 and the upper face of the transformable device 640. In this case, the transformable device 640
may be one of the transformable device 100 illustrated in FIG. 1 and
[0120] FIG. 2a and the transformable device 500 illustrated in FIG. 5.
[0121] In addition, the transformable device 640 may be electrically connected to the display panel 630. For example,
an FPCB (flexible printed circuit board) disposed in the display panel 630 and the electrodes of the transformable device
640 may be electrically connected to each other by wiring. The lower cover 650 is disposed under the transformable
device 640 to cover the lower portions of the touch panel 620, the display panel 630, and the transformable device 640.
The lower cover 650 may be made of the same material as that of the upper cover 610. Particularly, the lower cover
650 may be also made of a flexible material to be transformable together with the touch panel 620 and the display panel
630 which are transformable in various shapes by the transformable device 640. For example, the lower cover 650 may
be made of a material such as plastic with flexibility, but is not limited thereto.
[0122] As voltage is applied to the transformable device 640, the transformable device 640 is transformed. Accordingly,
the touch panel 620 and the display panel 630 joined to the transformable device 640 are also transformed according
to the transformation of the transformable device 640, and the display device 600 is also transformed.
[0123] In the display device 600 according to an embodiment of the present disclosure, the touch panel 620, the
display panel 630, and the transformable device 640 are integrated into one, and the display device 600 can be trans-
formed in various shapes by the transformable device 640. Specifically, when voltage is applied to the transformable
device 640, the transformable device 640 is transformed. Accordingly, the touch panel 620 and the display panel 630
are also transformed together according to the shape of transformation of the transformable device 640. In other words,
the entire of the display device 600 can be transformed, and the deformed shape of the display device 600 based on
the transformation of the transformable device 640 will be described below with reference to FIG. 7.
[0124] FIG. 7 is an exemplary state diagram illustrating various transformation shapes of the display device including
the transformable device according to an embodiment of the present disclosure. In FIG. 7, for convenience of description,
it is assumed that the display device 700 is a smartphone.
[0125] Referring to FIG. 7, a part of the display device 700 can be bent upward or downward. Specifically, in the display
device 700, a transformable device is fixed under a display screen 710, and the entire of the transformable device and
the display device 700 is transformed by operating the transformable device. In other words, a part of the display device
700 may be bent upward or downward according to bending of a part of the transformable device upward or downward.
Herein, as a part of the transformable device is bent upward or downward at a predetermined period, a part of the display
device 700 may be also bent upward or downward. In addition, as a state where a part of the transformable device is
bent upward or downward is kept, a state where a part of the display device 700 is bent upward or downward may be kept.
[0126] For example, a part of the display device 700 may be bent upward or downward by an output corresponding
to a touch input of a user input to the display device 700. In other words, when the display device 700 receives a message
or a voice call is incoming to the display device 700, a part of the display device 700 may be bent upward or downward
as an output corresponding thereto.
[0127] In the display device 700, a bent part, a bending direction, a bending time, a period of change in bending
direction, and the like may be variously set through the display device 700. In other words, the change in shape of the
display device 700 by the transformable device may be variously set by a user, and is not limited to the exemplary
change in shape described above.
[0128] In the display device 700 including the transformable device according to an embodiment of the present dis-
closure, the transformable device is transformed differently according to various inputs. Specifically, the transformed
part, the transforming direction, the continuous time of transformation, the period of change in transforming direction,
and the like may be set differently for each input applied to the display device 700. Accordingly, the display device 700
is transformed in various shapes by the transformable device, and various kinds of outputs may be provided for a user.
[0129] FIG. 8 is an exemplary diagram of an electronic newspaper including the transformable device according to
an embodiment of the present disclosure. Referring to FIG. 8, an electronic news paper 800 includes a display panel
810 and a transformable device joined to the lower portion of the display panel 810.
[0130] In the electronic newspaper 800 including the transformable device according to an embodiment of the present
disclosure, a feeling similar to reading an actual newspaper made of paper may be provided by the transformable device.
When a signal of turning over a page is input through the display panel 810 of the electronic newspaper 800, the
transformable device at a part to which the signal is input may be transformed. Accordingly, a part of the electronic
newspaper 800 is temporarily bent while the transformable device is transformed, and a feeling of turning over a page
may be provided like a newspaper made of paper.
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[0131] In addition, when a new article is uploaded and displayed on the electronic newspaper 800 including the
transformable device according to an embodiment of the present disclosure, a part of the electronic newspaper 800 is
transformed to provide the fact that the article is uploaded. For example, when an article having a new headline is
uploaded, the transformable device at the article-uploaded part is transformed to immediately display the fact that the
article is uploaded.
[0132] FIG. 9 is an exemplary diagram illustrating a watch including the transformable device according to an embod-
iment of the present disclosure. Referring to FIG. 9, a watch 900 includes a display panel 910 and a transformable device
joined to the lower portion of the display panel 910. For convenience of description, it is assumed that the watch 900 is
a smart watch.
[0133] In the watch 900 including the transformable device according to an embodiment of the present disclosure,
various functions of the watch 900 may be embodied by the transformable device. General time information is displayed
through the display panel 910 of the watch 900. In addition, weather, news, and the like may be displayed through the
display panel 910 of the watch 900. Moreover, the watch 900 may include a simple calling function, and may determine
a heart rate of a user who wears the watch 900. Herein, in order to let a user know every hour on the hour or know a
designated alarm time, the transformable device in the watch 900 may be contracted. Accordingly, time information may
be provided by tightening user’s wrist. In addition, even when new weather information or news is displayed, the trans-
formable device in the watch 900 may be contracted, and when a phone call is received, a protrusion portion may be
formed at a part of the display panel 910 of the watch 900, thereby providing the information. In addition, when a heart
rate of a user measured through a part of the watch 900 is in a risk level, the transformable device in the watch 900 may
be contracted or changed in shape to provide warning to the user.
[0134] FIG. 10 is an exemplary diagram illustrating a curtain including the transformable device according to an
embodiment of the present disclosure. Referring to FIG. 10, a curtain 1000 includes a display panel 1010 and a trans-
formable device joined to the lower portion of the display panel 1010.
[0135] In the curtain 1000 including the transformable device according to an embodiment of the present disclosure,
information about external environment may be expressed in various manners by the transformable device. Specifically,
external weather may be displayed on a predetermined screen through the display panel 1010, and the form of the
curtain 1000 may be changed to express a state of a specific weather. For example, in case of cloudy and windy weather,
a cloud may be displayed through the display panel 1010 of the curtain 1000, a part of the curtain 1000 may be bent,
and an area of the bent part may be varied, according to a direction of wind and a speed of wind by the transformable
device. In other words, a direction in which an actual curtain is bent or shaken according to the direction of wind may
be expressed by the bending direction of the curtain 1000, and an area of the bent part of the curtain 1000 may be
increased as the wind gets stronger. Further, when an intensity of light input through a glass window is lower than a
predetermined intensity, the curtain 1000 may be automatically rolled up or may be folded left or right.
[0136] The embodiments of the present disclosure have been described in more detail with reference to the accom-
panying drawings, but the present disclosure is not necessarily limited to such embodiments, and may be variously
modified within the scope of the present invention.

Claims

1. Transformable device (100), including:

an electro-active layer (110),
a first electrode (121) inside the electro-active layer (110), and a second electrode (122) inside the electro-
active layer (110) on the first electrode (121) in a distance from the first electrode (121), wherein at least one
of the first electrode (121) and the second electrode (122) includes precipitates of a conductive material,
characterized in that the electroactive layer (110) is disposed to surround all of the first electrode (121) and
the second electrode (122).

2. Transformable device (100) according to claim 1, wherein the electro-active layer (110) includes impurities, the
impurities including at least one of the following: a conductive material; a precipitant; a compound of a conductive
material and a precipitant; a hardener.

3. Transformable device (100) according to claim 2, wherein the concentration of the impurities in the electro-active
layer (110) gets higher as getting closer to the first electrode (121) and the second electrode (122).

4. Transformable device (100) according to claim 1 or 2, wherein the first electrode (121) and the second electrode
(122) are disposed within a range along the thickness direction Td of the electroactive layer (110) in which the
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concentration of the impurities in the electroactive layer (110) is higher than a specific concentration N0.

5. Transformable device (100) according to one of the preceding claims, wherein a thickness (d) of the electro-active
layer is 50 mm to 400 mm.

6. Transformable device (100) according to one of the preceding claims, wherein at least one of a thickness (d1)
between a lower face of the first electrode (121) and a lower face of the electro-active layer and a thickness (d2)
between an upper face of the second electrode (122) and an upper face of electro-active layer is 0.1 mm to 10 mm.

7. Display device (600), comprising a display panel (630) and a transformable device (100; 640) according to one of
the preceding claims, which is under the display panel (630).

8. Display device (600) according to claim 7, comprising a touch panel (620) on the display panel (630).

9. Display device (600) according to one of claims 7 or 8, comprising a lower cover (650) under the transformable
device (100; 640) and an upper cover (610) on the transformable device (100; 640), wherein the lower cover (650)
and the upper cover (610) consist of a material having flexibility.

10. Method for manufacturing a transformable device (100) according to one of claims 1 to 6, comprising the following
steps:

- Injecting (S31) conductive material to a first electro-active layer material (491) and a second electro-active
layer material (492);
- Precipitating (S32) the conductive material to dispose a first electro-active layer and a second electro-active
layer with first and second electrodes inside the first and second electro-active layers, respectively, and hardening
the first electro-active layer and the second electro-active layer, such that the first and second electro-active
layer are disposed to surround all of the first electrode and the second electrode;
- Joining the first electro-active layer and the second electro-active layer to each other (S33).

11. Method according to claim 10, comprising a process of injecting a precipitant and/or a hardener to the first electroactive
layer material (491) and the second electroactive layer material (492).

12. Method according to claim 11, wherein the process of injecting a precipitant to the first electro-active layer material
(491) and the second electro-active layer material (492) and the process of injecting a hardener to the first electro-
active layer material (491) and the second electro-active layer material (492) are simultaneously performed.

13. Method according to one of claims 10 to 12, wherein the speed of hardening of the first electro-active layer material
(491) and the second electro-active layer material (492) is controlled by setting a ratio of the respective electro-
active layer material and the hardener.

Patentansprüche

1. Umwandelbare Vorrichtung (100), aufweisend:

eine elektroaktive Schicht (110),
eine erste Elektrode (121) innerhalb der elektroaktiven Schicht (110),
und eine zweite Elektrode (122) innerhalb der elektroaktiven Schicht (110) auf der ersten Elektrode (121) in
einem Abstand von der ersten Elektrode (121), wobei mindestens eine der ersten Elektrode (121) und/oder der
zweiten Elektrode (122) Ausfällungen eines leitfähigen Materials aufweist,
dadurch gekennzeichnet, dass die elektroaktive Schicht (110) so angeordnet ist, dass sie die Gesamtheit
der ersten Elektrode (121) und der zweiten Elektrode (122) umgibt.

2. Umwandelbare Vorrichtung (100) nach Anspruch 1, wobei die elektroaktive Schicht (110) Verunreinigungen aufweist,
wobei die Verunreinigungen mindestens eines des Folgenden aufweisen: ein leitfähiges Material; ein Fällungsmittel;
eine Verbindung eines leitfähigen Materials und eines Fällungsmittels; ein Härter

3. Umwandelbare Vorrichtung (100) nach Anspruch 2, wobei sich die Konzentration der Verunreinigungen in der
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elektroaktiven Schicht (110), wenn sie der ersten Elektrode (121) und der zweiten Elektrode (122) näherkommt,
erhöht.

4. Umwandelbare Vorrichtung (100) nach Anspruch 1 oder 2, wobei die erste Elektrode (121) und die zweite Elektrode
(122) innerhalb eines Bereichs entlang der Dickenrichtung Td der elektroaktiven Schicht (110) angeordnet sind, in
dem die Konzentration der Verunreinigungen in der elektroaktiven Schicht (110) höher als eine spezifische Kon-
zentration N0 ist.

5. Umwandelbare Vorrichtung (100) nach einem der vorhergehenden Ansprüche, wobei eine Dicke (d) der elektroak-
tiven Schicht 50 mm bis 400 mm beträgt.

6. Umwandelbare Vorrichtung (100) nach einem der vorhergehenden Ansprüche, wobei mindestens eine von einer
Dicke (d1) zwischen einer Unterseite der ersten Elektrode (121) und einer Unterseite der elektroaktiven Schicht
und/oder einer Dicke (d2) zwischen einer Oberseite der zweiten Elektrode (122) und einer Oberseite der elektro-
aktiven Schicht 0,1 mm bis 10 mm beträgt.

7. Anzeigevorrichtung (600), umfassend ein Anzeigepanel (630) und eine umwandelbare Vorrichtung (100; 640) nach
einem der vorhergehenden Ansprüche, die sich unter dem Anzeigepanel (630) befindet.

8. Anzeigevorrichtung (600) nach Anspruch 7, umfassend ein Touchpanel (620) auf dem Anzeigepanel (630).

9. Anzeigevorrichtung (600) nach einem der Ansprüche 7 oder 8, umfassend eine untere Abdeckung (650) unter der
umwandelbaren Vorrichtung (100; 640) und eine obere Abdeckung (610) auf der umwandelbaren Vorrichtung (100;
640), wobei die untere Abdeckung (650) und die obere Abdeckung (610) aus einem Material mit Flexibilität bestehen.

10. Verfahren zur Herstellung einer umwandelbaren Vorrichtung (100) nach einem der Ansprüche 1 bis 6, umfassend
die folgenden Schritte:

- Injizieren (S31) eines leitfähigen Materials in ein erstes elektroaktives Schichtmaterial (491) und ein zweites
elektroaktives Schichtmaterial (492) ;
- Ausfällen (S32) des leitfähigen Materials, um eine erste elektroaktive Schicht und eine zweite elektroaktive
Schicht mit ersten und zweiten Elektroden innerhalb der ersten bzw. zweiten elektroaktiven Schicht anzuordnen,
und Härten der ersten elektroaktiven Schicht und der zweiten Schicht elektroaktiven Schicht, so dass die erste
und zweite elektroaktive Schicht so angeordnet sind, dass sie die Gesamtheit der ersten Elektrode und der
zweiten Elektrode umgeben;
- Verbinden der ersten elektroaktiven Schicht und der zweiten elektroaktiven Schicht miteinander (S33) .

11. Verfahren nach Anspruch 10, umfassend ein Verfahren zum Injizieren eines Fällungsmittels und/oder eines Härters
in das erste elektroaktive Schichtmaterial (491) und das zweite elektroaktive Schichtmaterial (492) .

12. Verfahren nach Anspruch 11, wobei der Prozess des Injizierens eines Fällungsmittels in das erste elektroaktive
Schichtmaterial (491) und das zweite elektroaktive Schichtmaterial (492) und der Prozess des Injizierens eines
Härters in das erste elektroaktive Schichtmaterial (491) und das zweite elektroaktive Schichtmaterial (492) gleich-
zeitig durchgeführt werden.

13. Verfahren nach einem der Ansprüche 10 bis 12, wobei die Geschwindigkeit des Härtens des ersten elektroaktiven
Schichtmaterials (491) und des zweiten elektroaktiven Schichtmaterials (492) durch Einstellen eines Verhältnisses
der jeweiligen elektroaktiven Schichtmaterials und des Härters gesteuert wird.

Revendications

1. Dispositif transformable (100), comprenant :

une couche électro-active (110),
une première électrode (121) située à l’intérieur de la couche électro-active (110), et une deuxième électrode
(122) située à l’intérieur de la couche électro-active (110), dans lequel au moins une électrode parmi la première
électrode (121) et la deuxième électrode (122) comprend des précipités d’un matériau conducteur,
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caractérisé en ce que la couche électro-active (110) est disposée de façon à entourer la totalité de la première
électrode (121) et de la deuxième électrode (122) .

2. Dispositif transformable (100) selon la revendication 1, dans lequel la couche électro-active (110) comprend des
impuretés, les impuretés comprenant au moins l’un parmi les suivants : un matériau conducteur ; un précipitant ;
un composé d’un matériau conducteur et d’un précipitant ; un agent de durcissement.

3. Dispositif transformable (100) selon la revendication 2, dans lequel la concentration des impuretés dans la couche
électro-active (110) devient plus importante tout en se rapprochant de la première électrode (121) et de la deuxième
électrode (122).

4. Dispositif transformable (100) selon la revendication 1 ou 2, dans lequel la première électrode (121) et la deuxième
électrode (122) sont disposées à l’intérieur d’une plage le long de la direction d’épaisseur Td de la couche électro-
active (110) dans laquelle la concentration des impuretés dans la couche électro-active (110) est supérieure à une
concentration spécifique N0.

5. Dispositif transformable (100) selon l’une quelconque des revendications précédentes, dans lequel une épaisseur
(d) de la couche électro-active est comprise entre 50 mm et 400 mm.

6. Dispositif transformable (100) selon l’une quelconque des revendications précédentes, dans lequel au moins l’une
parmi une épaisseur (d1) entre une face inférieure de la première électrode (121) et une face inférieure de la couche
électro-active, et une épaisseur (d2) entre une face supérieure de la deuxième électrode (122) et une face supérieure
de la couche électro-active est comprise entre 0,1 mm et 10 mm.

7. Dispositif d’affichage (600), comprenant un panneau d’affichage (630) et un dispositif transformable (100; 640) selon
l’une quelconque des revendications précédentes, qui se situe sous le panneau d’affichage (630) .

8. Dispositif d’affichage (600) selon la revendication 7, comprenant un panneau tactile (620) situé sur le panneau
d’affichage (630).

9. Dispositif d’affichage (600) selon l’une quelconque des revendications 7 ou 8, comprenant une couverture inférieure
(650) située sous le dispositif transformable (100 ; 640) et une couverture supérieure (610) située sur le dispositif
transformable (100; 640), dans lequel la couverture inférieure (650) et la couverture supérieure (610) sont constituées
d’un matériau possédant une certaine flexibilité.

10. Procédé de fabrication d’un dispositif transformable (100) selon l’une quelconque des revendications 1 à 6, com-
prenant les étapes suivantes :

- injection (S31) d’un matériau conducteur sur un premier matériau de couche électro-active (491) et sur un
deuxième matériau de couche électro-active (492);
- précipitation (S32) du matériau conducteur pour disposer une première couche électro-active et une deuxième
couche électro-active avec les première et deuxième électrodes à l’intérieur des première et deuxième couches
électro-actives, respectivement, et durcissement de la première couche électro-active et de la deuxième couche
électro-active, de sorte que les première et deuxième couches électro-actives sont disposées de manière à
entourer la totalité de la première électrode et de la deuxième électrode;
- jonction l’une à l’autre de la première couche électro-active et de la deuxième couche électro-active (S33).

11. Procédé selon la revendication 10, comprenant un processus d’injection d’un précipitant et/ou d’un agent de dur-
cissement sur le premier matériau de couche électro-active (491) et sur le deuxième matériau de couche électro-
active (492).

12. Procédé selon la revendication 11, dans lequel le processus d’injection d’un précipitant sur le premier matériau de
couche électro-active (491) et sur le deuxième matériau de couche proactive (492), et le processus d’injection d’un
agent de durcissement sur le premier matériau de couche électro-active (491) et sur le deuxième matériau de
couche électro-active (492) sont réalisés de manière simultanée.

13. Procédé selon l’une quelconque des revendications 10 à 12, dans lequel la vitesse de durcissement du premier
matériau de couche électro-active (491) et du deuxième matériau de couche électro-active (492) est contrôlée par
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le réglage d’un rapport du matériau de couche électro-active respectif et de l’agent de durcissement.
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